CONVERSION FACTORS, ABBREVIATED ELECTRICAL UNITS, AND ACRONYMS

Abstract
Water use during calendar years 1986 and 1987 was estimated for the 78 municipios of the Commonwealth of Puerto Rico. Eight offstream water-use categories were considered during the study including: public supply, domestic, industrial, mining, thermoelectric power, livestock, irrigation, and sewage-treatment discharges. Three instream water-use categories were considered: hydroelectric power, reservoir evaporation, and saline water used at thermoelectric powerplants. Freshwater withdrawals for offstream use from surface and ground water in Puerto Rico were 630 and 648 million gallons per day in 1986 and 1987, respectively . The largest amount of freshwater (instream use) withdrawn was for hydroelectric power: 564 million gallons per day in 1986 and 511 million gallons per day during 1987. Reservoir evaporation is considered to be a consumptive use associated with the storage of water. Evaporation from 14 reservoirs in Puerto Rico totaled 24,100 acre-feet during 1986 and 23,600 acre-feet in 1987 from a total reservoir surface area of 6,390 acres. The largest amount of saline water (instream use) withdrawn was for thermoelectric power: 2,130 million gallons per day in 1986 and 1,740 million gallons per day during 1987. The second largest freshwater withdrawal was made by public-supply facilities. These facilities withdrew 398 million gallons per day during 1986 and 413 million gallons per day during 1987. Total discharge from public sewage-treatment facilities reported an increase from 154 million gallons per day in 1986 to 163 in 1987. Fresh surface-and ground-water withdrawals for domestic and industrial selfsupplied facilities were estimated at about 34 million gallons per day during 1986 and 1987 . Mining activities, which in Puerto Rico are mostly limited to the production of sand and gravel, withdrew about 2.6 million gallons per day of freshwater during 1986 and 1987 . Livestock activities required 7.4 million gallons per day from surface-and ground-water sources to meet the water needs of 8.56 million animals reported in Puerto Rico during 1986 and 1987 . Freshwater withdrawals for irrigation purposes were estimated at 186 million gallons per day in 1986 and 190 million gallons per day in 1987, or about 30 percent of all offstream freshwater withdrawals in both years.
Discussion about the sources and methods used to compile the data parallels the presentation and discussion of water-use data by category. Data tables are compiled by municipio, which constitute the basic political subdivision in Puerto Rico. All data are stored in a computerized storage-retrieval system, the State Water-Use Data System (SWUDS), which is administered by the USGS.
A number of terms are used throughout the body of this report that may be unfamiliar to the reader. Selected terms are highlighted in boldface type at their first usage in the text. Concise working definitions of these selected terms are supplied in a glossary at the back of the report.
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SOURCES AND METHODS USED TO COMPILE WATER-USE DATA
Politically, Puerto Rico is divided into 78 municipios ( fig. 1 ). Water-use data for a number of categories were compiled for each municipio. Eight offstream water-use categories were considered during the study including public supply, domestic, industrial, mining, thermoelectric power, livestock, irrigation, and sewage treatment as a water-use related category. Three instream uses, hydroelectric power generation, reservoir evaporation, and saline water withdrawals at thermoelectric powerplants. The sources and the methods used to compile water-use data differ for each category and are described in the following sections. The surface-water public-supply population was calculated by dividing surface-water withdrawals by total withdrawals, and then multiplying the quotient by the estimated total public-supply population (PRASA plus NON-PRASA population). The ground-water public-supply population was estimated by subtracting the population served by surface-water systems from the total public-supply population. The population using potable water was divided by the annual domestic water use to estimate the water used per day per person (per capita water use). This total was divided by the number of days in a year. These calculations yield a water-use estimate of 48 gallons per day per person (gal/d/p) in Puerto Rico.
Sewage Treatment
The sewage-treatment category was included in this report because it contains information on the amount of water returned to the hydrologic system by sewage-treatment facilities and the number of public facilities that treat wastewater. Sewage-treatment discharges from domestic, commercial, and industrial users served from public-supply systems were obtained from annual reports prepared by the PRASA (Puerto Rico Aqueduct and Sewer Authority, 1986a and 1987a) . These annual reports indicate the number of public sewage-treatment facilities and the volume of sewage treated by municipio.
Self-Supplied Domestic
The self-supplied domestic water withdrawals were estimated by multiplying the population not served by a public-supply system in each municipio by the per capita water-use estimate of daily water consumption. The self-supplied domestic population was determined by subtracting the public-supplied population, served by PRASA and NON-PRASA systems, from the total population. The total populations by municipio for 1986 and 1987 were estimated using the Census of Population and Housing for 1980 and 1990 (U.S. Department of Commerce, 1982 and 1991) .
Self-Supplied Industrial and Mining
The annual self-supplied industrial surface-and ground-water withdrawals were estimated from the PRDNER files. These files contain the self-supplied users and the amount of water used by each industry.
The 1986 and 1987 fresh surface-and groundwater withdrawals used for mining purposes were obtained from the Permits and Franchises Division of the PRDNER and from an inventory of sites conducted by the MSHA. Water withdrawals were determined only for sand and gravel quarries, which are the primary mining activities in Puerto Rico.
Thermoelectric and Hydroelectric
Freshwater use from public supply for the Puerto Nuevo and Palo Seco thermoelectric powerplants; from self-supplied ground-water withdrawals at the Aguirre and Costa Sur powerplants; and, the instream saline water use (seawater withdrawals) was obtained from reports prepared by the PREPA. Most of the freshwater withdrawn by thermoelectric powerplants is used for boiler feed, whereas saline water is used in its entirety for cooling purposes.
Total annual amount of instream water use by hydroelectric powerplants throughout Puerto Rico during 1986 and 1987 were obtained from monthly power-generation reports by the PREPA. The amount of water used for hydroelectric power was obtained from the amount of power generated by each facility on a monthly basis. The following equation was used to obtain monthly instream water use.
(1) Irrigation where, P is the gross power generation, in kWh; F is a specific factor for each reservoir, given the relation between monthly energy production versus instream water requirement, in acre-ft per kWh; and N is the number of days in a month.
Livestock
Livestock in Puerto Rico totaled 8,557,316 according to the 1987 Census of Agriculture (U.S. Department of Commerce, 1989) . The fresh surfaceand ground-water withdrawals used for livestock watering purposes are presented in two subcategories: (1) the water associated with the production of red meat, poultry, eggs, and milk, called "stock" water use; and (2) the "animal specialties" water use, which includes the water associated with the production of fur-bearing animals, horses, rabbits, and aquaculture (fish farms).
Total freshwater withdrawals for livestock were estimated by multiplying the number of animals in each municipio by the estimated daily amount of water required per animal. Total water use for livestock was estimated by multiplying the daily average watering requirements per animal (Kirk, 1982) (table 1) by the total number of animals reported in the agricultural census. In general, the livestock watering requirements given in table 1 represent maximum rates in the life cycle. As an example, water requirements for pigs range from 0.6 gal/d for piglets to about 6.0 gal/d for lactating sows (U.S. Department of Commerce, 1990, p. 394) . Surface-water withdrawals for irrigation purposes were estimated using an inventory of the amount of water withdrawn from reservoirs owned by the PREPA and for the island's only independent irrigation district at Ponce. Ground-water withdrawals for irrigation purposes were estimated by obtaining data from several reports that document the hydrologic conditions in the southeastern coastal plain of Puerto Rico during synoptic hydrologic surveys conducted during April to May 1986 in the south coastal plain in the area east of the Rio Jueyes (municipios of Salinas, Guayama, Arroyo, and Patillas) and during April to May 1987 in the area west of the Rio Jueyes (municipios of Santa Isabel and Juana Diaz). Data obtained from these reports include daily withdrawal rates from all operating irrigation wells in the area (Rodriguez-del-Rio and Quinones-Aponte, 1987; Torres and Gomez-Gomez, 1987; Quinones-Aponte and Gomez-Gomez, 1987; Dacosta and Gomez-Gomez, 1987) . Ground-water withdrawals for irrigation purposes at municipios of Aguadilla, Cabo Rojo, Coamo, Guanica, and Yabucoa were obtained from a water withdrawal rate of 1,933 gallons per day per acre (F. Gomez-Gomez, U.S. Geological Survey, oral commun., 1991).
Calculations for surface-water withdrawals at Ponce were made by multiplying the number of acres of land irrigated by the total water withdrawal rate (surface plus ground water) per acre calculated for areas mostly dedicated to sugarcane and irrigated by the furrow method. The water withdrawal rate obtained was 3,800 gal/d/acre (F. Gomez-Gomez, U.S. Geological Survey, oral commun., 1991) . This water withdrawal rate was then multiplied by the total irrigated acreage in the municipio of Ponce. The difference between the estimated total irrigation withdrawal and the accounted ground-water withdrawal was considered as the total surface-water withdrawal. Surface-water withdrawals for irrigation purposes in the Isabela Irrigation District were estimated from irrigation deliveries reported by the PREPA. This factor represents the ratio of total water released to the irrigation canal at the Lago de Guajataca dam (municipio of Quebradillas) divided by the sum of total water delivered to PR AS A public-water supply filtration plants and to irrigators. Data presented on the number of acres irrigated were obtained from the 1987 Census of Agriculture (U.S. Department of Commerce, 1989) .
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Reservoir Evaporation
Evaporation of water from a reservoir is considered to be a consumptive use associated with the storage of water. It was calculated for the manmade impoundments in Puerto Rico that have a normal capacity equal to or greater than 5,000 acre-ft. The annual water loss to evaporation for 14 reservoirs throughout Puerto Rico was calculated using the following equation:
where, RE is the reservoir evaporation, in thousands of acre-feet per year;
RA is the reservoir area, in thousands of acres;
PE is the class A annual pan evaporation, in feet; and K is a constant, equal to 0.7.
The surface area for each reservoir was obtained from the PREPA and the PRDNER. Reservoir levels were assumed to be at the spillway elevation. Class A Pan Evaporation was taken from the National Oceanic and Atmospheric Administration data (U.S. Department of Commerce, 1986 Commerce, , 1987 . Positive values resulting from the difference between withdrawals and deliveries within a municipio and listed under "unaccounted use" in tables 4 and 5 may represent exports of public-water supply to adjacent municipios in addition to the reasons previously defined under unaccounted use. Negative values indicate importation of public-water supply from adjacent municipios to such an extent that public-supply deliveries to a municipio exceed its public-supply withdrawals.
WATER USE BY CATEGORY
Sewage Treatment
Most public sewage-treatment plants in Puerto Rico are near the principal urban center in each municipio. Islandwide, there were only nine regional
Self-Supplied Domestic
About 25 percent of the total offstream freshwater withdrawn in Puerto Rico was used for domestic purposes during 1986 and 1987. Public-supply systems delivered 152 Mgal/d for domestic use during 1986 and 154 Mgal/d in 1987 to an estimated population of 3 million people (tables 7 and 8). The average per capita domestic water use from public supply was estimated to be 48 gal/d/p during both years. The population served by self-supplied systems was estimated to be about 385,000 in 1986 and 384,000 in 1987, which represents withdrawals of about 19 Mgal/d each year, applying the same per capita use obtained for public supplied users. Self-Supplied Industrial and Mining Table 10 . Mining withdrawals, by municipio, for 1986 and 1987 Ground-water self-supplied withdrawals by industrial users were estimated only for municipios at which withdrawals were equal to or greater than 1.0 Mgal/d. Islandwide, there are only seven municipios at which ground-water self-supplied use is greater than 1.0 Mgal/d (table 9) . Based on these data and groundwater use surveys made at other municipios with significant industrial activity (Guayama, Ponce, and Yabucoa) , the total industrial self-supplied groundwater withdrawals in Puerto Rico are estimated to be less than 20 Mgal/d for 1986 and 1987. Most of the industrial self-supplied ground-water withdrawals were from aquifers along the north coast of Puerto Rico.
The primary mining activity in Puerto Rico is the production of sand and gravel. This mining activity required an estimated of 2.6 Mgal/d of water during both years. Most of the production was concentrated in the northeastern part of Puerto Rico, with the largest fresh ground-water withdrawal occurring in Toa Baja. Mining water-use activities during 1986 and 1987 are summarized by municipio in table 10. Table 9 . Self-supplied ground-water withdrawal estimates for industrial facilities, by municipio, for 1986 and 1987 
Thermoelectric and Hydroelectric
Puerto Rico has four thermoelectric powerplants: Costa Sur in Guayanilla, Aguirre in Salinas, Puerto Nuevo in Guaynabo, and Palo Seco in Toa Baja ( fig. 5 ). These four powerplants generated 12,010 gigawatthours In the "animal specialties" water-use subcategory in Puerto Rico, there were a total of 9,606 horses and 22,589 rabbits reported during 1987 (U.S. Department of Commerce, 1989) . The estimated withdrawals during 1987 for this animal specialties subcategory were 0.12 Mgal/d from surface-and ground-water sources (table 15) . Consumptive use for the livestock category was estimated to be 100 percent. 
Reservoir Evaporation
The amount of water that evaporated from 14 reservoirs throughout Puerto Rico was estimated to be about 24,100 acre-ft in 1986 and 23,600 acre-ft in 1987 from a total reservoir area of 6,390 acres. Lago Toa Vaca and Lago Guayabal in Villalba had the largest amount of evaporation, totaling 5,720 acre-ft in 1986 and 5,630 acre-ft in 1987 from a total reservoir area of 1,170 acres (table 18, fig. 6 ). In Puerto Rico, about 25 percent of the total freshwater withdrawn was used for domestic purposes during 1986 and 1987 . Ground-water self-supplied withdrawals by industrial users were estimated only for municipios at which withdrawals were equal to or greater than 1.0 Mgal/d. Islandwide, it was averaged at 16 Mgal/d in 1986 and 1987 . The production of sand and gravel is the primary mining activity in Puerto Rico. In 1986 and , mining operations used 2.6 Mgal/d of ground water both years.
Puerto Rico has four thermoelectric powerplants that consume large amounts of saline water for cooling. The public irrigation district operated by the PREPA consists of four major systems. During 1986 and 1987, 186 and 190 Mgal/d of water were withdrawn, respectively, to irrigate 47,970 acres of land.
Reservoir evaporation is considered to be a consumptive use associated with the storage of water. The evaporation of water from 14 reservoirs in Puerto Rico totaled 24,100 acre-feet during 1986 and 23,600 acrefeet in 1987 from a total reservoir surface area of 6,390 acres.
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Livestock water use: water for stock watering, feed lots, dairy operations, fish farming, and other farm needs. Livestock as used here includes cattle, sheep, goats, hogs, and poultry. Also included are such animal specialities as horses, rabbits, bees, pets, fur-bearing animals in captivity, and fish in captivity.
Mining water use: water use for extraction of minerals occurring naturally including solids, such as coal and ores; liquids, such as crude petroleum; and gases, such as natural gas. Also includes uses associated with quarrying, well operations (dewatering), milling (crushing, screening, washing, floatation, and so forth), and other preparations customarily completed at the mine site or as part of a mining activity. The primary mining activity in Puerto Rico is the production of sand and gravel.
Municipio: minimum legal or jurisdictional unit in Puerto Rico as used by the U.S. Bureau of Census. It is more or less equivalent to a county in the United States.
Offstream use: water withdrawn or diverted from a ground-or surface-water source for use in public supply, industry, irrigation, livestock, thermoelectric power generation, and other activities.
Per capita water use: the average amount of water used per person during a standard time period, generally per day.
Public-supply facilities: water withdrawn by public and private water suppliers and delivered to groups of users. Public suppliers provide water for various uses, such as domestic, commercial, thermoelectric power, industrial, and public water use.
Public water use: water supplied from a public supply and used for such purposes as firefighting, street washing, and municipal parks and swimming pools.
Reservoir Evaporation: water loss by evaporation from manmade impoundments, which have a normal capacity equal to or greater than 5,000 acre-feet. Normal capacity is defined as the total volume in a reservoir below the normal retention level, including dead storage but excluding floodcontrol and surcharge storage.
Saline water: water that contains more than 1,000 milligrams per liter of dissolved solids.
Self-supplied water: water withdrawn from a surfaceor ground water source by a user rather than being obtained from a public supply.
Sewage: wastewater carried off by sewer and drains.
Sewage treatment: processing of wastewater for the removal or reduction of contained solids or other undesirable constituents.
Surface water:
an open body of water, such as a stream or a lake.
Thermoelectric power water use: amount of water used in the production of electric power generated with fossil fuel. Fossil fuels include coal, oil, and natural gas. The water used is self supplied or is delivered by a water supplier through a distribution system.
Wastewater: water that carries wastes from homes, businesses, and industries.
Withdrawal: water removed from the ground or diverted from a surface-water source for use.
